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第三章的实验结果表明，Taq 和 Pfu 这两种应用 PCR 体系的聚合酶，同样具
有对 T-Hg-T 结构双链的识别和催化能力。由于 PCR 体系下的聚合反应理论上具
有无限的扩增能力，是生物制备目的 DNA 产物的最高效手段，因此本章的研究
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The cross of nanotechnology and analytical chemistry refreshes the latter field. 
The nanostructure-based nanomolecular machines and nanodevices are considered as 
the potential core-hardwares in the next generation of sensors, electronic devices, self- 
assembled material and information output equipments. In present, a highlighted 
researching aspect is the construction of nanostructures with the natural duplex DNA 
formation from polymerase catalysis, among them the production of metal 
DNA(M-DNA) with the metal characteristics by bio-engineering is still a challenge 
and no relevant report is published. The combination of the unique optical features of 
nanocrystals(NCs) and high selectivity, high efficiency of biomolecule reactions is 
expected to be one of most interesting trends in sensing field. However, current 
conjunction approaches of the biomolecules towards the surface of nanocrystals are of 
inconvenience, i.e., the inert properties of the nanocrystals and biomolecules are 
affected,  while the coupling procedures are complicated and tedious. Based on the 
understanding of such challenges on development of nanostructures and nanohybrid 
systems, two part of researches are evolved in this dissertation, one is a construction 
of M-DNA by polymerase catalysis with a fluorescence sensing platform, another is a 
generation of novel label-free recognition and sensing nanohybrid systems.    
The dissertation consists of five chapters. 
Chapter 1 introduces in general the history and trends in the development of 
nanostructures. A brief introduction of the applications of polymerase catalytic 
reaction on the construction of nanostructures is focused. The state-of-art and 
challenges on M-DNA material are discussed. Fundamental photophysical properties 
of II-VI group semiconductor photoluminescent NCs, bioconjunction methods on 
NCs are also summarized. 
Chapter 2 presents a fluorescence sensing platform for evaluating the catalysis 
efficiency of polymerases. The catalysis and recognition capability of polymerase 















report on engineering M-DNA architecture shown as DNA duplex from a 
biocatalyzing way. This work provides a proof-of-principle on biosynthesis of 
M-DNA. The role of MGR on the catalysis efficiency for T-Hg-T duplex is discussed 
in detail, including the location of T-Hg-T duplex in MGR, out MGR and across 
MGR. Furthermore, the formation process of generating T-Hg-T duplex in the 
KF(exo-) catalysis reaction is initiated. Our research will promote an extension 
applied on other types of M-DNA. Meanwhile, a good response on Hg2+ sensing is 
observed with such a fluorescent platform. 
Chapter 3 proves that other two polymerases applied in PCR system, Taq and 
Pfu, can also generate new DNA sequence with T-Hg-T duplex. It was well known 
that PCR is the most efficient way in amplifying target DNA sequences because of its 
chain reaction characteristics, the bioengineering M-DNA platform described in this 
chapter can thus be applied into large-scale production of M-DNA. It paves the way 
in practical use of M-DNA biosynthesis. 
Considering the major drawbacks occurred in the conjugating preparation of 
biomolecules towards the surface of nanocrystals in current NCs/biomolecule assays, 
such as laborious manipulation, time-consuming processes, the decline of optical 
characteristics of NCs and function of biomolecules, two types of convenient, 
label-free bioassays in chapter 4 and 5 are described, without damages on  
nanocrystals and biomolecules’ functions. This concept can be expanded to other 
designs of NCs/biomolecule assays in sensing of other target molecules. 
Chapter 4 describes a construction of a label-free nanohybrid system, which is 
composed of a positively charged TCh-CdTe NC and an anti-lysozyme aptamer. The 
signal response is altered in good accordance with the change of the aptamer amount 
on the surface of NCs, and a limit of detection (LOD) of lysozyme was reached as 71 
nM (1.07 μg mL-1). Here, the electrostatic interaction between NCs and aptamer plays 
a significant role in both the aptamer conjunction and transduction events, namely, 
aptamer can be absorbed on the surface of NCs by electrostatic interaction and acts as 
















Focused on the challenge of the limited amount of biomolecules conjugated on 
the surface of NCs therefore it is difficult to amplify the response signal, chapter 5 
demonstrates a new label-free NCs/biomolecule assay in combination of the high 
sensitivity of bioreactions and the multivalency of NCs. Particularly, a nanohybrid for 
orgnaophosphorus compounds (OPs) by integrating the inhibition activity of 
acetylcholinesterase and photoluminesecent characteristics of TGA-CdS NCs is 
described. In this assay, the substrate (acetylthiocholine) and the product of 
acetylcholinester (thiocholine) are small organic compounds, both inclined to absorb 
onto the surface of NCs by electrostatic interactions but with different mechanism on 
the photoluminescence. The assay described in this chapter exhibited excellent 
responses for four nerve agents and one OP pesticide, and a LOD was achieved as low 
as10-11 M level. No bioconjunction between biomolecules and NCs is involved in such 
a process, possible effects on the nature of NCs and biomolecule are avoided as a 
result, and the merit of multivalent reaction between small molecule and NCs can be 
fully exerted. This nanohybrid strategy is expected to be of general applicability on 
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第一章 绪  论 
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         第一章     绪   论 
 








性和拓扑靶向性都是纳米技术所需要的材料特性 3, 4。 
生命体系中蕴涵着难以计数的信息，作为这些信息可稳定遗传，可有序表达，
可准确调控的载体，核酸分子结构的完美性不言而喻 5, 6，构建具有核酸结构特
征的纳米结构已成为此领域 受重视的研究方向之一。较之于 RNA 分子，DNA




上述这些特质使得对 DNA 分子的改造更加容易，研究表明 DNA 分子经过
设计，易于形成多种多样的确定几何构型的纳米结构，一个极好的佐证就是改造
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